Chromonyx
11 was selected for detailed scrutiny of its properties and degradation modes when exposed to high temperatures. Both as-plated and annealed microstructural models were presented. Technical means used in this microstructural characterization were: scanning and transmission electron microscopy, Auger depth profiling hemispherical reflectance and energy dispersive X-ray analysis. From these results a physical metallurgical model for wavelength selective properties of the coating was developed. Thus, it was observed that black chrome degraded as Cr 2 o 3 oxide particles grew and chromium depleted. This effect was pronounced in air and to a lesser degree in medium vacuum.
Oxidation by preferential diffusion and outgassing which causes structural changes 9 and Auger electron spectroscopic (AES) depth profiling techniques revealed the internal structure. Surface morphology and elemental chemistry were analyzed with the aid of scanning electron microscopy (SEM) and energy dispersive X-ray analysis (EDAX). Hemispherical, near normal (20°) reflectance and an ambient emissometer determined changes in optical selectivity. Solar absorptance was determined by integration with respect to the Air Mass 1 solar spectrum. Calculations regarding infrared reflectance were determined also by integration in relation to 100°C black body spectra.
Annealing experiments were performed using two different procedures.
Some of the samples were heat treated in dry air, annealed at 1 atmosphere in a calibrated tube furnace. An identical set of samples were vacuum annealed by heat treating quartz encapsulated specimens. The encapsulation -4 ( -6 ) process was done by pumping quartz ampules below 1.3x10 Pa 10 Torr , then backfilling with argon and resuming pumping. After this had been done twice, the ampules were sealed off under vacuum. 
SPECTRAL REFLECTANCE
Spectral reflectance for annealed black chrome is depicted in Fig. 4 . Both integrated absorptance, ai' and emittance, ei, and total normal emittance are shown in Table I . the reflectance results were very close to 300°C air data, so they can be plotted as one in Fig.4 . Emittance increased initially, and then fell. This anomaly was noted elsewhere, too, 6 where specimens were heat treated at higher temperatures. Vacuum annealed samples showed a slight decrease of emittance for increasing temperatures.
5.
ELECTRON MICROSCOPY
The growth of particles on the surface coating was studied by means of the scanning electron microscope. There was an increase in particle size and surface roughness, including formation of crystalline Cr 2 o 3 particles as verified by TEM, appearing at temperatures over 300°C, as shown in Fig. 1 . In all cases, a porous network of particles, coarsening with longer times and higher temperatures, made up the surface structure. Then, at higher temperatures, erupted regions appeared, indicating mechanical weakness and probable outgassing.
Although the average size of the oxide particles was 0.10-0.2 microns, oxide particles in excess of 1 micron can be seen at 400°C. Argon sputtering at 3kV. Figure 7 shows a representative profile.
Two cases were seen here, 300°C and 400°C for 100 hours in air.
There was marked change in the 300-400°C temperature interval in the 
DEGRADED MICROSTRUCTURAL MODEL
A schematic model was developed for the degraded black chrome structure from the combined information. Basically, the structure shown in Fig. 8 is for black chrome heated either in air at 400°C or in medium vacuum at 500°C for 100 hours. The microstructure consisted of large Cr 2 o 3 crystalline particles and residual chromium.
CONCLUSIONS
The 100 hour treatments of black chrome showed minor changes below The absorber became more oxidized after long times at high temperatures.
More studies could be made. They include oxidation rate determination, outgassing analysis, finer mechanistic studies, humidity effects and thermal cycling research. Also, better control and understanding of black chrome deposition chemistry is of high priority to finishers and researchers.
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